The purpose of this study was to estimate the burden of osteoporotic fractures beyond the hospitalization period covering up to the first year after the fracture. This was a prospective, 12-month, observational study including patients aged C65 years hospitalized due to a first lowtrauma hip fracture, in six Spanish regions. Health resource utilization (HRU), quality of life (QoL) and autonomy were collected and total costs calculated. Four hundred and eighty seven patients (mean ± SD age 83 ± 7 years, 77 % women) were included. Twenty-two percent of patients reported a prior non-hip low-trauma fracture, 16 % were receiving osteoporotic treatment at baseline, and 3 % had densitometry performed (1.8 % T-score B-2.5). Sixteen percent of patients died (women 14 %; men 25 %; p = 0.0011) during the first year. Mean hospital stay was 11.8 ± 7.9 days and 95.1 % of patients underwent surgery. Other relevant HRUs were: outpatient visits in 78 % of patients (mean 9.2 ± 9.7); walking aids, 58.7 %; rehabilitation facilities, 35.5 % (28.7 ± 41.2 sessions); and formal and informal home care, 22.2 % (49.6 ± 72.2 days) and 53.4 % (77.1 ± 101.0 h), respectively. Mean direct cost was €9690 (95 % confidence interval: 9184-10,197) in women and €9019 (8079-9958) in men. Main cost drivers were: first hospitalization episode (women €7067 [73 %]; men €7196 [80 %]); outpatient visits (€1323 [14 %]; €997 [11 %]); and home care (€905 [9 %]; €767 [9 %]
Introduction
Osteoporosis is characterized by compromised bone strength predisposing to an increased risk of fracture [1] . In the year 2000, there were approximately 9.0 million osteoporotic fractures with the greatest number occurring in Europe (34.8 %) [2] . Osteoporosis and resulting fractures have significant consequences on human health, QoL and societal burden [2] . Hip fractures place a high burden Electronic supplementary material The online version of this article (doi:10.1007/s00223-016-0193-8) contains supplementary material, which is available to authorized users. for patients and healthcare systems due to the advanced age of affected patients, the need for complex surgeries and the high impact on patients' mobility [3] . However, this burden is systematically underestimated since usually only the admission period is considered. Hip fractures are also associated with a high mortality both during hospitalization [3] and following discharge [4] .
In Spain, the annual incidence of hip fractures in patients aged C65 years has been estimated at 36,000 (90.5 % of all hip fractures) [3] , and it is continuously increasing due to an ageing population (increase of 18 % between 1997 and 2008 [5] ). There is limited evidence quantifying the burden of hip fractures at the Spanish national and regional levels, taking into account the differences between regional Health Systems, with only three retrospective chart review studies [6] [7] [8] and one study extrapolating data from two clinical trials available [9] . Therefore, there is a need for an updated and reliable estimate of the cost of an osteoporotic hip fracture in Spain to help regions in their decision making.
The primary objective of this study was to estimate health resource utilization (HRU) and related costs associated with osteoporotic hip fractures over 12 months in patients of 65 years of age or older in Spain. The secondary objectives were: to describe patients' characteristics, health-related quality of life (HRQoL), physical functioning and autonomy/dependency from others and the circumstances leading to the hip fracture.
Patients and Methods
The PROA (PRospective Observational study on burden of hip frActures in Spain) was a prospective, 12-month, observational study. Patients C65 years admitted to hospital due to a first osteoporotic hip fracture (defined as fracture due to a low impact or falling from a standing height or less or any mild or moderate trauma not resulting from a fall [10] ) were included. The exclusion criteria were: hip fracture secondary to severe trauma (defined as a fall from a height higher than that of a stool, chair or first rung of a ladder, or severe trauma other than a fall), concurrent non-hip fracture, malignancy or primary bone disease, and participation in an interventional trial in the last 6 months. The protocol was approved by an independent ethics committee, and all patients gave written informed consent before enrolment. For patients who suffered from cognitive impairment, informed consent was given by a legal representative and patient-reported data were provided by the representative at each visit.
The study was conducted in six regions (Andalusia, Basque Country, Catalonia, Galicia, Madrid and Valencia) including small (\200 beds), medium (200-500 beds) and large hospitals ([500 beds). Data were collected at baseline (first admission to hospital), hospital discharge and 4 and 12 months post-fracture. At baseline, the following variables were collected: demographic data, fracture risk factors, comorbidities (Charlson comorbidity index [11, 12] ) and circumstances of the fall/event leading to the hip fracture. Fracture-associated HRUs were collected at all visits: inpatient care (length of hospital stay, imaging, type of surgery and/or prosthesis, treatment of complications); re-hospitalizations; ambulatory care (number and type of outpatient visits; physician or nurse), home visits (occupational therapist, physician and nurse) and/or telephone support; rehabilitation (number of physiotherapy sessions); walking aids; visits to emergency departments; and formal (social workers, nursing home stay, rehabilitation facility stay) and/or informal home care (relatives or paid worker). HRQoL (EuroQoL-5 dimensions [EQ-5D] questionnaire [13, 14] ) and patient autonomy (modified Barthel index [15] and Harris hip score [16] ) were also collected at all visits (retrospectively at baseline, in reference to the status prior to the fracture). HRUs at the time of death were not collected.
Statistical Analysis
The Spanish Healthcare System perspective has been applied, except for the informal home care resources. Unitary costs were obtained from the eSalud database (http://www.oblikue.com/bddcostes) and adjusted to 2012 values. Mean annual costs and 95 % confidence intervals (CI) were calculated (using 1000 bootstrap samples). The cost of informal home care was estimated by applying the official national minimum wage in Spain. Data regarding home support (formal or informal) before the fracture were asked to the patient or proxy responder (e.g. caregiver or relative) at the beginning of the study. The cost associated with hip fracture was computed as the difference between that of care provided before and after the fracture, as utilized in previous studies [17] .
Descriptive analyses were provided for each variable at all the study visits. Changes in continuous variables over time were analysed using paired T tests. Differences between subgroups of patients were tested using Student's T tests, Mann-Whitney or Chi-squared tests, as applicable. Time to death was summarized using Kaplan-Meier methodology. Survival differences between men/women were evaluated using a univariate Cox regression model. Statistical analyses were performed with the SAS statistical software package (SAS Institute, Inc, Cary, NC).
Results

Baseline Characteristics and Circumstances of the Fall Leading to the Hip Fracture
A total of 487 patients (77 % women) were included in 28 Spanish hospitals between 31 March 2011 and 29 June 2012. Of them, 357 (73.3 %) were followed up during 12 months. Most premature discontinuations (77/130, 59.2 %) were due to death. Table 1 shows the main characteristics of the study cohort. The mean (SD) age of patients with a first osteoporotic hip fracture was similar for both sexes: 83.2 (6.6) and 81.1 (7.0) for women and men, respectively. Around one-third of patients had at least one previous non-hip fracture, of which 59.7 % had been reported as low impact fractures. A total of 15.6 % of patients were receiving osteoporotic treatment at the time of the fracture occurrence, and only 3 % had undergone bone densitometry testing (1.8 % had BMD T-score B-2.5).
The majority of patients lived with a partner or family member sharing their own home (61.2 %), with 19.1 % living alone, 11.3 % living in a nursing home and 8.2 % living in a relative's home. The circumstances of the fall leading to the hip fracture were similar between men and women. Most falls occurred inside, in the morning and in autumn or summer. Approximately one-third (35.1 %) of subjects were receiving medications that increase the risk of falls (Table 1) .
During the follow-up, 18 (3.7 %) patients had at least one new fracture (total of 19 fractures, 95 % osteoporotic origin).
Health-Related Quality of Life and Patient Autonomy
The HRQoL results and changes in patient autonomy showed a statistically significant decrease during hospitalization and up to 12 months after ( Table 2 ). Furthermore, patients living independent of caregivers or family members decreased after 12 months compared to baseline (36 vs. 77, respectively) (Online Resource 1).
Health Resource Utilization
HRU was high, both during the first hospitalization and at 12-month follow-up. The results were similar across genders, except for re-hospitalizations which were more frequent among women versus men (6.4 vs. 3.6 %).
The 95.1 % of patients underwent surgery, mainly intramedullary nail osteosynthesis in women and partial prosthesis in men. Mean length of hospital stay during first hospitalization was 11.8 ± 7.9 days (Tables 3, 4 ).
There was a large number of outpatient visits (median: 6.0, range: 1-75), use of rehabilitation facilities (median: 15 
Direct Medical Costs
Mean total cost during the first year was €9690 (95 % CI: 9184-10,197) in women and €9019 (8079-9958) in men, with no significant differences between genders except for the cost of re-hospitalizations ( Table 4 ).
The main cost determinant was first hospitalization (€7067 and €7196 in women and men, respectively), followed by ambulatory care and home care ( Table 4 ).
Subgroup Analyses by Size of Centre
When HRU was analysed by size of centre, large centres showed longer hospital stays (mean of 13.8 days versus 10.2 and 9.0 in small and medium centres, respectively). However, after discharge, patients treated at small centres had more outpatient visits (mean of 10.0 [in all patients] versus 6.3 and 6.5 in medium and large centres), rehabilitation sessions (mean of 17.1 vs. 10.7 and 7.4) and formal home care (mean of 16.6 days vs. 10.5 and 9.3), but less informal care (mean of 29.1 h vs. 48.6 and 41.5 in medium and large centres).
Mortality
During the 12-month follow-up, 15.8 % of patients died, 53 % of them within the first 3 months ( Fig. 1 ). Mortality was significantly higher in men than in women (24.1 vs. 13.4 %, respectively, p = 0.0011).
Discussion
The PROA constitutes the first large, multicentre, prospective study specifically designed to provide estimates on the cost of osteoporotic hip fractures in Spain. Overall, the socio-demographic characteristics of our cohort were comparable to those from similar studies conducted in Belgium [18] , Sweden [19] or the UK [20] . Nevertheless, there were some notable differences between this and other national studies. The mean age of this cohort was similar for both sexes and higher than that reported previously, most likely due to the comparatively higher proportion of patients aged 75 years old or above [3, 21, 22] . Furthermore, while the proportion of patients sharing their own home/living alone was similar to that of the Spanish population, the proportion of patients living in a nursing home was greater in this cohort compared to national averages [23] . Lastly, the prevalence of prior vertebral fractures was extremely low (4.7 %) compared to the estimated 20 % in the Spanish population of similar age, most likely due to the fact that in this study only fractures that were documented in the patient's medical file were collected as opposed to the acquisition of X-rays of the thoracic and lumbar spine using the Genant method [24, 25] . That being said, the similar prevalence of vertebral fractures previously registered in the patient's file (1.2-4.3 %) reflects the underdiagnosis of these fractures in the daily practice [24] . Data are number of patients (percentage) except when otherwise indicated; a defined as conditions such as type I diabetes, osteogenesis imperfecta, untreated long-standing hyperparathyroidism, hypogonadism or premature menopause, chronic malnutrition, or malabsorption and chronic liver disease; b calculated at enrolment in patients with a previous non-hip fracture; c subjects could have multiple previous fractures at different locations; subjects with more than one fracture in the same location were counted only once in that location; d valid N = 256/86/342 for women, men and overall, respectively; Q1 = 25th percentile; Q3 = 75th percentile; SD standard deviation Of note, almost all first osteoporotic hip fractures occurred in individuals at high risk of fracture, although only a low percentage were previously diagnosed and treated for osteoporosis. The treatment gap (patients eligible for treatment not receiving any drug) for osteoporosis in 2010 was estimated between 57 % (women) and 59 % (men) in the European Union [1] . In Spain, this gap was 25 and 20 %, but in our cohort it could be [30 %, according to the high prevalence of prior osteoporotic fractures and an important underuse of osteoporotic treatments in the recent years [26] .
Similarly to previous studies [18, 19, 27] , HRU during hospitalization was high, mainly related to a long hospital stay and to the need for surgery. The mean hospital stay (12 days) was similar than that reported in local studies [7] and in a previous analysis of Minimum Basic Data Set between 1997 and 2008 (13 days) [28] , but much lower than the 23-day length reported in 1989 [8] . Health resource utilization in the first year following hospital discharge was similar to the observed in Sweden or Belgium [18, 19, 27] . The proportion of patients with re- [29, 30] .
The cost obtained for the first hospitalization (*€7000) was consistent with the disease-related groups applicable to hip fracture in Spain (210, 211, 236, 558 and 818, cost: €2684-€14,878) [28] . This cost increased by 70 % between 1997 and 2008 in Spain (€4909 to €8365) [8, 28] , probably related to the increase in mean age (2 years) and comorbidities of the patients, and the increase in the number of surgical interventions (86 % in 1997) [28] . The total cost in the first year after the first fracture (*€9000) is higher than that reported in Spain after a nonfatal stroke (€4638) but lower than after a myocardial infarction (€19,277) [31] . Our study suggests that, if only the first hospitalization is considered, one-fourth of the total annual cost of a hip fracture might be underestimated.
Compared to other European countries, the cost seems to be approximately a 25 % lower (€13,470 in Belgium; €14,221 in Sweden). In a UK cohort, the cost was slightly lower (€7536) [20] , but in that study the costs associated with rehabilitation services and home care were not taken into account.
Mortality was high, especially in males (24.1 %). In both genders, mortality rates were almost three times higher compared to the annual mortality rate of Spanish general population of a similar age (7.4 and 4.5 %, respectively, in males and females of 80-84 years old) [32] .
Prior to the fracture, the HRQoL was similar to that reported in Spanish population aged C85 [33] , but it showed a marked worsening during the hospital stay and was not entirely resolved after 12 months, highlighting the long-term burden of the hip fracture.
Our study has some limitations. The similarity in age between sexes combined with the high proportion of patients aged 75 years old or above may limit the generalizability of these results to all patients with osteoporotic hip fractures in Spain aged C65 years old. The total cost may have been underestimated due to the inability of the study to collect the HRU at the time of death, inherent to the nature of observational design. Patient-reported HRU after hospital discharge, such as visits to the general practitioner, emergency room visits or re-hospitalizations, may have been underestimated due to the inability of the patient to recall information, leading to potential misclassification.
Strengths of our study include the large sample size and the geographically distributed recruitment, which ensures that it represents the regional diversity of Spain. Also, the prospective follow-up allowed a more comprehensive data collection on both the economic and humanistic burden of the condition not routinely included in patients' medical records.
In conclusion, in a Spanish setting, osteoporotic hip fractures incur a high societal and economic cost, mainly due to the high HRU during the first hospitalization, but also due to subsequent outpatient visits and home care. Hip fractures were also associated with a high mortality of approximately one in six patients during the first year. The high prevalence of known risk factors and the low number of patients receiving prophylactic treatment highlight the undertreatment of this population, typically women older than 75 years with prior fractures, several comorbidities such as diabetes or dementia, and receiving medications that increase the risk of falls. By comparison, men in this study cohort not only received less osteoporosis follow-up prior to the hip fracture, but also exhibited a greater frequency of risk factors such as smoking and excessive alcohol consumption. Together, these results reflect the need for improving the diagnostic and therapeutic management of osteoporosis in Spain. 1 Fig. 1 Mortality in the overall group and by gender in the first year after a first osteoporotic hip fracture
